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3jU-ujA. 

W/C=0.70 
C=400 Kg/m 3 


W/C=0.40 
C=400 Kg/m 3 


W/C (water cement ratio) 

C (cement content) 

^ J-' ^ (1 ‘ 6) ^ 

- \ \ ” 2 \ \ - A \ '\\ <*' ^ 4-pt-aJ ci-^- 5 C5- 3 

S3^>22 

r pA\ ^u-j\ o-J ^ ^' J •( 1 ‘ 6) Jj • ^ ^ ^! Jj- . 

J! J^-A 3 «>J» (1-6) r*-> ^ 


( A p, \^U| VQjM^j C> j 
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J __J1 ^ ^ ,0.70 a- w/c ^ b ! ^ ' ' ■ 

>-SM ^ J ^ 7i o^' "XXX <Xl XXX ,,>•'■’ * 
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, f ^ Sjua^Vi ,Aij .U4c- lSjj^ <-A^ <>=• c> A#X ^ JL? Ui . 

uXj *a- >il ^ ^ c *-*k> ^ a» ^ ^ 

^W-A 3 ' iA^i\ jL^' ci^J u- XX 

Oi>S3l« JS-Sj ‘^ J ' X ,i^iXX 

12 .o^Xl^ll ^1 .MPJffl c> «*->» ****** 


^ J iO O- O ^ MM *-» MU 

.3^0 ,>11 2C3U^ liSj Xj' -Mj 3 c^H j ,A%^' *-*£•” 


: (Permeability of Concrete) **->“ 2 ' 6 


U->M J ^ ^ J Ji»j-M ^ 0- T^X-XllX 

J OUI> C5-9 oA ^- jf - OJ ^ U ' . ^ , K - 

, 1 ^.fji , Sj Lij\ C ^V1 buu, *U4» iU3 .A^asj-1 J 

■j^u jsij ^uii ^ l 3> u ! AiU "X ]1 ^ ^ . -X 

.-: Jl o^j .tt~ ,>H ^ ^-1» cA^l on ^ ^ 

a J (Diffusion Theory) jUoyu,^ yt 

, ,0,1 >15 ^Loyu 1^ ,CA61> ^>y ^-V» 

J ^ ^ ^1 Ji <U* cJt^i ^ ^ <-»*i ■ 

, M JR ^ uSlj .^Ulll ol6i>U yjl ^ X ,. 

A+O ,(4l^xia f' ( 4j -^- b ' S ) 2 . i ' 

C-jitii o-° ^J 3 ejL6l >11 t>- C5 3 ! "- 1 '^7 

►. j uu ^iUuii JJj ji ^ L>t£ ^ J • 

•JjililSI S jjjaM 1-2-6 

? -X yi J! *uii -1 

Oil j UK -ul ^ ,(1-6) ^ 

a i > * J Ui oi_c.i >11 ojjj <iU^>y' ^ lTA' TAT 5 juL* ai. „-,. .u 

>> > j>bjH W/c A— 3 ^ l- 3 ^ ‘^ 4 ^=, (j2il J cAl^ Ml ’ ■ Ull 

MTU X A .^>lt Aiiua jsa ,*o~&n ^'j^' **? ^ Xv? "Xl 
2 ;, X ,6W ^ ci-u- ^ *^jfJ 

:. , ^ XX j ^ o- ^->i> *-*-* ^ ^ 


• <UU. jiJl jSM OjiAj 3-2-<» 

n A\ Dl ^Vb obD ji» J4S11 o^U^bVIj ■ , 

" • ^ uia l^i j£a jSii-. ^'j (ASTM C 642) cAA^.1^4 ^ c^J 4 ’ 

(A) Vjj' obj «* Ojfi ,Vjj CA ^ ‘ J **‘ 

L*ll >1 j s 2_j_^ba SJLjlaJ 4_3jt_>a. ^J- 5 *'-^ il ts-® AjU*^=Ji 

-k*X *4 ujyj f 5 .^b5 A* ^ •° UU ‘ 5 .^,^ 

.(C) 

.(D) UJJ 1 ' u^j M**' s J> ->^' ^J- 21 cA * u ^ a A« J ' uj-p.4 

* ^j-^Lx-dSLLo J \ 

Absorption after immersion% = ((B- A)/ 4)x 100 . J I 

(j^aU-ialL oil 

Absorption after immersion and boiling% = ((C - A)/ 4 )x 100 (2-6) 

:<JAXH (^.jj!' uj»”«J 

Bulk sp. gr. dry = A/(C-D)=g, ,\^"^ .„ it 

^jAUall u J >” ' j 

Apparent sp.gr. dry = A/(A-D)=g2 — "..... .(4-6)^ 

■A dji&l jill Aj^XaII A^LUfcHl 

(c - a)/(c — £>)x 100 ^ 5 ‘ 6 ^ 

(6-6 )... ^ '(J^CLxIa^ % <L y 

a plb SaW3 ^ ^ Ja , J-ISM o-b^n t- bHjas- J 

# £*t_l=*.A-£a ^yuSxJlj J 4 ^' * " «■ 

* l**s\ ij^1^!v-a<JIj 4JLuj \ H 

"CTj»LvujVt 4 aL») I 1 1 

, , ., a it-,A. . a . ^JI A^bibVt JL^Vl u^> cs-® a -*^' ir* <> > * H 

v A >; S JJ, Sabll! 5-«ji ^LjjUjSJl bU3 f.. jUuj .^V , ,1 i 

\ . b r b- JLio Ajb. _>=4I <^' c - A 

j , . --.a. „ bUj C-d^Vl ^ !AS ^ U4 ,&b W 

*_ i 9 3 Lll aLuLuu£3l lIjVjUJI Jk- C-lW-Vi shM f >«fl 

• ' ' - • ,Sn <■* 


' -- )Uall CjUU^jill J ibn. .AjUa jpJ' Ajilaj ^ jajS jjJ <1 SjLuijidl J^c jU ,ja14U 

,..*£ jJja j (4_aUa11 ^ Cj 1£jL u.) (J^di iajj jj>* . <L^» jjS3 

1-.^ Jail ^laaj (ji (jS^U .elll&ljall uSltS ft_>a ctia 

.(2-6) Jj^x t> *^Uj ,4a. Jj JaV AjjUXl (J-U- J3 jj lAL-aiXt CjltljiSl 


(Ajj\j/jiA) AjAUill (J-rftlx-A 

(^Jj) AjlujjaJl JAC. 

Ho 

A^jUs 

8 10 

1 

9 10 

3 

1°-10 

4 

"'10 

7 

12 -10 

14 

13-10 

28 

16 '10 

100 

18-10 

240 


•\ ^ txa b^ iLxA j _/■ 

» l .u 4 ciDj j Co& Aji djUj^l Cxlxji J jU ^Vl c5jW3&V» o^1^\ 

.1 l.^jjiUa J13 AjLuu^iJl (jLa dolj LaK ‘ diL o -^ Vl viBl£j .AjLuij^J\ 

l ill 'L_illc. jIj-aSIj jlj-oll < alA A . 4, .Ajj| ^).. UX J j ^AjL-uj 

, , >Ll\ a^^Uj Jjffi 3 ^L^a1I JaI ^* 11 (Plasticizer and Super-Plasticizer) 

.CxiojuaVl J) ^Ldl AjjuU ^c-a^J iIli s 

uVl (jjj (j-a %12 ‘8 cfcH C^' 4 . U t i KjLJ I jUc. AiUiaJ J cdL^jV' ciilui 

y^l ., \| ; Lxc. (J^A*_sj .(J^ Li ^-Q js j;XiaJl£il .Yu ,1^1 £-* 1 Vn Aji x ^ . n . rv # AjLuj_>idl Axitij ^>a <J^ ; ? 
1 k »\ 1 > >< a S jj« v^-a ISjLjJ I _;txC' A m.i>, ^j) ciLnxsk lo jxx^ a l i djtc-t^all c-(J^ ^5^ 

* »\ a- ^Yvl\ Ailx^ ^ (j^oj AjUx^^U ^=w j-dl CjIc-I jill Axaax <JEj AjL^^idi j! 

:A^jUI]» jtu^i 2-2-6 

^ ,b J^jti ^I^Lu.1 (3^^ (>& LjW-A A-utUa (jJLox AjLa ^ kil AjjlUj (JaU^ j 

. Q = AK~ ubj.-’3 

i(. I (bull Ui ■ >. ) fUJl ^lajjl Hj 4jbj ^>aJI 4jilij <J^sU_a K J 'bjJ' ^JaLi <a.L-LA A ^ t 1 ^ 
P« -AllD-t i.^ t 3 \xti. A. j A-Ja!>\j ^paJ^JL J A-5J^)la (3-^* ^ LjJa^ V ^ .A.. .1 1 x11 i ^b a > a t 


•Ajuii ^jUuSll d>L£>4! J&- sA-bd' j' cabDiM j ,t 

'- " , c 3 s f J*-RSM 

,C 2 S ^ ^1.. 

.C4 AF f cy=-Wj cfX)-^ bjiv ,il 

( ’ , a r cjUj- ,'l 



# jLdl ^.LaII < X-lAJkJ (JjLuill J a C-l t J-al 

' jl Ux-jJq pLo Ajjlixl AxjLua ji*. Aixc. ^paJjxlx K <■ A.iiLdVl dllL-sal jaJI 

*4,1 ,*> w a \ Jki^JaJl ^ Iglj^ru J <jLua ^pJl Aljfr ^ ,AJxx^ 3^>xal ^jxx* 

L, , jl AjjVl ^ ^lAiJLuubj .AjUa j^II <,bdl ^1 ^Ikl U^-aj .W* 

AjLui^vll AxiLaj 


i a_ i 


>i]| . m cJJu >11 dB3 J ^ eteijfi. *-*4- ^-’ 

Jo ^ ^il-Jj .>> SiL. >1 -U- J>i J>j «Oi— .V» J- >43 •>> OJ'-J 
oUi>U AiiliwJl & l .jjSM Oh > _s=-S' <3i> <-^ •» 



Qljj jaSj U £7 i j-^J (2-6 ) f^J <J^> 


: CaIujjS 1\ A^xXfrA Ji\ &*$* cr*^ *“ 2 ' ^ 

; oHjjp^I ) ,*' * > ■ I 

a^Luo > 11 ^LJI cM» » -bU> ^ j£J> J ' :> ' “'■ 

W4JI ^ ^ >4 » ^ j— 11 >' aj >j ,(3-6) (Jj^ ' > 

i ** m ^-»^,-\ i j^j > > 1^1 <j_ii\-i ^ i « ■ 

* ^ 1 & toVxa JLaa^Ja 4-*-^ uH" >* i I 

^Ul>ll 4JU. > UJ -U>' »' ^ Jai -^ a ^ aj ^ LJ1 ^ ^ U -^I. t f a r > ?" 

CjUUJI liiti J> d-Jaii <1UJI <^lti ^ j .'— c> (J=-*J ^ j '' > " 

»l »' .» , m 

oli >A1I 3_4 cJj_o > i >£ J^j :>UUlt cJliJIj Jill ^4}WJ *jUu,>ll CK> » * 1 

' .4jU ,JI 

"A-l3 oVj-JI A*, ,j| 

■u ,j , W i> 2> ,2La-. >u cAi> *->4- o cj^ a£^'i *' » " 

.d^UliJI JjU •>'■ • , i|fl 



I / .< J 


. )UJI 1>1U. > AJ Jjill AjL*->JI (_iU^V w 1 J 

AjUo >11 ..'l.^-VS Ujuc. Ajll j > »> 

;Ouam)V^ C5^J W* dj^^J 

, .js,^ + (jh>) <- + 

J ' V ^ijlj.H-^ 

I ,.V i H 2 0 ->■ C-S-H + Ca(OH\+ High Heat ‘ - '+ 

. ^iii. sjj» +^U1\ + <- *UI + r*-ssM - 

• ,,V i- // 2 0 -> C — S — H + HjO + High Heat T"*'" V”’, . J ' 

. J*Jl Ui. jfil f jauJISII OLJ^S <- 

■ I >■ Gypsum + H 2 0 -> Mono - sulfo - aluminate (9_6) 

. . , v i*-ns» ^ v^-Vi ^U| ^ A3Uo>)i J e*^ ^ 

. , ^ J w5r^, ,>a Ji*3 ^ u-11 KC-S-H) ^-y> ^ c> 

., 1. J SjUJI ci-4. J ,(<Al— ^ LS-^ _ 

rfiwi ,u jjo wj sjl-m .la j cP.' :>J+> - -*\ 

., A 3L3U. ,>11 >b aWII t> ^ /T ^5 

^cjLJII oJu^ > 1a^ Jj jAs. JUu=.I t> 4ji~“ll AjU->SI 

■ , - ,1 t jXHi 4jLuu _j^\ A <i^V^ -a 2-3-6 

A-» ji w» ^ 

US1I CAi>S j f. J J .. .~' 0]I CjUjjAj t>JJ 1 ' 

r ;> US djUj^lU 2LSL- >11 ck>1a U^J 

; ( _>ui>JI ojSj -1 

•>j US fjiuJISlI JJ^ l U,Uj>1I ^43 

, f ^>ii > f jj-ssM + (J^) 

n 0 . 6 ^ (o»&) r ^ j£ + j 

JuU >11 Ji-Vi L J_« u» , J j^y c 41 i 3 lt ( 

> SAj^-j-) ouyi^r + JaICB > M^3) 

' n , _ 6) .... (3UU. jit fJ ,-as (^>1 

,-.ll a >o2a , ^Sj3 > *V- <=■-> 32 C> UJ3--H UJ^' j 

( 2 - 6 ) .<>uaii > bJ ^ 

,..j, tJJ S3 >1 Aiu.>ib aWi iUjVi > ^>11 !% 

, . „ j ^0^3 .U-UI «->« ^ '-W3 Jl ^ •‘-T^ 

M >1 ci3>3 Jl>- url' 43i— Vl Jj-M J>-33 >- .AUlL^JI ^pUl» ^ ^ 

; ldn^Tp 5 i ^ *js ^ ^ •, ^ 

* ,1 .. >1 Ji.b > c J >a» J! U^JW .Ao^vll O^bjll uo -U« *j£ J 


(11-6).. Cdkojuul (Jh*. < — (AjUoj^pJU J^aw^ 3 ) j.jji 


^ ^jjuJlSll JLUaiSj^jJLiA (j-^Vll l^>laj d U>J '.jSSMj <-)% 

q ,^__\ l\~ass d C 5 _lc. l£AuJl jl-UC' ^jdi-J u-i-iliswlj 

^ cUU Ai \S£Jl jbc J JJ dsL-a JJ ^UjV> ^ ^ v ^jjS 

c_jLi _ °> * ( J j > ^ ovi t ji Aojjbt^all dbliLda V ) ^)Jjij <JjLa 3 ^JJ i — .AlLsdl < 3 ^ AjL»u^)kJl v^I^Loj 

. dAilda' V I 

j > >1 Aj3LLj JUl*->a l$3 AiLuj^k. ^lAki2 .3 

W/C lk^ (3-6) ,w/c "d - 5 <-$ f'bbb .4 

dAjJj^^ J>j£ jj Sjb j 
a_i1Lc- Ailiik djl3 AjLuj^jk .u d .3 

2 j K jJnjl ( dduLjuj V » iS fdLjj) CIiIa-jujV^ l n^ a-j Ajjc. A-uLu^^iw Alalk ^I,lki*j3 .6 

" ' -(3-6) 

^jLkjllj AjaJl^uall .7 

Aj 3 li.ll I (Jjlijl ( 3 ^° A^kJauxll A^Jlx -21 ,3 


:(Carbonation and Efflorescence) S^Ui I <• 


(Jj.lj il-iill c _ s -i J)L*J‘f Iaa _ 4jbn ^kjlj A c 1 _^->V 1 ^^3 OjO^ \ u a ^’ c?* 1 ^ 1 ’^34 

■^gJL 'LoS, A^djj^jpJSl AiLi-u i 1 

did 4 — (A-iLx»> ^iJVj yji_a.j>*a) ^^ludlidi A ; i k l M l .'^ _j j^jA + 2-4*2^^ Ajxi*Si .^dl-3 

£I2~6) + f 

;^L Ui£ L J jJjfill JlLuaSi C£ dlj ^ui (Joliij Ai£l *Ull ^ (jWj~^ cJM 13 a f 

(13-6) f>. djU^jj^u < — 2 .^ 2 ^ ajj^I ls-^ *+■ 

■t 1 XjoI ^ 5 -1c- 2--^ A_2i.j jk ^JJj j3j dlJJk. 5 pLdi f j JaaiIISI I dllj^J^AJ ^tl^l 1 

jl ^U.U.J1211 ^cJLall ^.^J=d I3jj j\ jLisuaVl A_2kJjj AjL au ; * 

S^aUoj dili ^Ljuj^>ai3 ^JSk.jL^il c^-l^ iij^ djU y \ . 

.(Efflorescence) ;i 

:cf L I >1 tSj^L uj^ 1 ^ 1 A. , 

(] 4-6) tiliJ^J jfiL i^yz i-aJSk. •< — (^Luj_>iJlj) 4- AixuSi 

( ] 5-6). ...-P ^ 4 djlj Jj_>^ ^ — ^^Jju3L5» .Vva.uS ^ ^) JliA Hh dllJ^J^)^ ^y c xjx ^ . 

^ jj^JVSII djU ^ j£jj o^3 (34^ djU^ y, i 

j-k! S^La ^ ,JUH \\£S\ .\u,ii£jjAlA J Jj=d Auj j^II S^>aLL 2’ «3f^ ” 

L2£a (PH) AjV_^^31 A-j^la <Ji3 ^UlUj ^ jj ^1 1211 djU^j^fLu ji ^jjauJISII Cj\ 

A \ ) A j t ** v> J L 53J1 Ajl^ >ii d: l ^o.j..jj (Jij Adaijs-1.« W^/C c °“44 Ajdii^)iw "4 


ff \ U;U AjL^ ^ ftaJ Adj^ CdA-^j (0.7) W/C J ^4^ ' j | 


ijh^all Jujj j (Jkljlil dlxn^i (j-jl-l 


,*l! 


! 1 i 


« •• A -^j ^ j 1<\1 A^3j>3tdl Ajdojkll djldlako (3-6) (Jj-^ 




^£jjjak^cJ ^ <-J ' 'Ji*x3i 

d iLcuu/yi 


ddlj Sj^ ^i djUb^Sil Jj^jj 

JUjuiSi 

1 

1 

,7^» 

\ 

^SjbbV' (_>ulU' 

^ _ .is Ji 



d4^J» 


n 

"b 




dLubvi 

*U1I 


L”J 

.-? 

3 

\0 

a 

<N 

.1 

3 

A 

10 

20 

32 

b^ <^34 
UJ^' 

^so 3 

2 ^ ^3^ 
^Ul 

Aj^>d^ J 
Ajudu 

1 : 2 
jVr* 

SO 3 

%JS1' 

- 

0.52 

400 

400 

350 

CEMI 

300> 

1 . 00 > 

0 . 20 > 

25 

0.50 

400 

400 

350 

J CEMI 

Ja l ^yLo 

-300 

700 

- 1.00 

1.50 

- 0.20 

0.35 

30 

0.45 

400 

400 

350 

jl djlij^jkH 

-700 

1200 

-1.50 

1.90 

-0.35 

0.50 

35 

0.43 

450 

450 

400 

dj\jj^)j211 

-1200 

2500 

-1.90 

3.10 

-0.50 

1.00 

40 

0.40 

450 

450 

400 

fjULa 
djUjjjSil 
djljiaij ^ 

| Aurika AjSI j 

-2500 

5000 

-3.10 

5.60 

- 1.00 

2.00 


;cjULj^b (jJUl cjUsLaa-VI 2-2-3-6 

;d jljJ^J^ll djjuajuj^l ^lAkjjuji J 

1 'I , yl a j '~ ■ - C 3 A Cjljj^jll uW _AA Lj' Ar^ 

, J! , JjUli Cjj jjS 13) 3 oiA J .%3.5 LSj^i j' 1> 

. .i <^jjj ob jSUI J 4 _l«S JU ^bibj ,%1 3 ‘8 OH -M 1 cj’-A 

,1 ..,11 . .. Sn Alb. ^ Cjbb_>jSJI jjjLj Jjj ^Ulbj , CjbiH,_j3i 

djlii^)i211 

• 1 •* ^ \ ^ . ,< S\ \ Ajj'y Ail .x j # 2 

,'.\ Ul) ISuLuill jW^* lE- 4 AiLda) V^ ll 

UIU31 aJ j .djLi^^^l J aJ^ ^ AjLxu^I frbl 2 J UL A ^ iiLwij^lt ^1 (F ly Ash) 
UtftJ 0 - ij— J jjj^l Aj^A\ f\i*l~\ j\ ^Je- Ujl^l fj <>111 4jb^V' cibij 

.Jt JJ 0* JUij -^AjAl ^>1' 


,-T 




H.W.L. 


L.W.L. 




m 


M (3~6) cj^* 


" AjuLlA^SJl 4 -A^I$«a31 2-^ ^ 

r*-J 5_JU ob^lSll . , 

^ i .. .i*gu bd-\l Zyba'^p C— jLu 1‘ 

• C-it-hj£&J) 1-2-6 <* 

JSl ,U ^ ^jj\ CiioiSM c^' ^ u' -Wi'j :f,^v' 

; Jb US (J*ill Ua (jS-Jj .cA^' < ‘ UJI ^ o^-^ 1 t - jLy -- SJ >” ’ ' 

^ J&\ -c^j 0*9* ujAyj **->» c^[ ^ 3 * 

4b *Ul*Jl t+Jj . J4a oA* ^ u> -W cA> .cA3*^SJW AJ ^' 

O jS5-M o«j. , j*n <> *jj4 V-s uWA c> cJ-3 ^tj jAoa C :;' 

a TJ y, J53 AiUa >Jlj dUb^SlI OH J^-^' o' ^ ^ ^ Ju ' ’ 

, J vault t LoJ Jjuv *41 -^ujjfrUM J— ^ t> OjA* cS^'j ,^-JO^' c 1 * J J* » 

^ ^ us ^jadi ^u>ll <4- 

v ... < 1 + eJ j . „. :^U JLU-S jo-y* <- y-'-^jy* + ■ a ^' 

' (17-6)..' - 

a_l jlc SjL. wlsj . W A . ^ i v x. AipUi cl- >* (»■ >>•« . ») C M- Itu " C^* • 1 

tUb J] kliUU will JjJ^* s«^ ,^-MJl * JL- > J ' C^— ^ 


:(Acid Attacks) o* a '- aA )^ ^-•>■>’^'1 5-6 

■ ' (so 2 ) cyuA' y-A <a^j (co 2 ) u_*bA' y~A ls-^ &• o^'-^’^' ®o=y*' , 

;j) u^) ^ V' i> * 0 *- *l'ob V?b} yy»A ,^>Jb ^w-« 

.ajajji=ji ~^<..,» ,3Ujl j ji. 1^11 csui byjj y^jjy* 

, *\ j (jslui Ha jjVa'A dii t-i'y'-vi ^»jj i— j]j , u^ b v =v bu pjis^ 1 — uAxai y*-y ^ ^ j 

aJLsJI t~*133 Aj^-cuI AjLl*) 

(*1_6) Jjyy DIN 4030 -1 bfS=> <jU-os43 «>bJt WV 



jL=J 1 c.LJb Aua^l^-AaH (4-6) 



A^a2h.l^ACtll 

(ji ^J=». CO2 

PH 

30-15 

6.5-5. 5 

l 0 IX v >» 

60-30 

5. 5-4. 5 


60< 

4.5> 

1 Jdw us-j^b 


* U 4 ^ (Sulfur Compounds) ^yo^' <Jo=^ ur»— a3t l - i o~ a1 ' cljis ^ i ^ 

. 1 , v^Al 4_ui ^Jl a b _yj Ju^sbj ^ili -yyo^ cs- 5 ! Wjy^' 

AU^bJ^jJl (Sulfuric Acid) o^=- Jo^yj s jo-^ o^' 

Jlidj (JSU I 4 I dlA^j Ajiba cutset 

, .11 r j .Sj. -'ll dllSjlvaJ AJba ji^\ AaaJU-aJ lillij (^UivbU AjUa^kll A^jllo tjjaajvj C£~iJ 
' II , A^iLbll (J_J 3 j (j-jll f. JJ-JlSll dllSjLaa (jj-Slij M . a S jjAjA A-aUJ 

1 4 a | J*j Ab-aol JJ l^yUa. SijJ* CP- O- 3 ^-^ 0^=4 O^y CUaaal) Al)ba Ajba^l 

, ,.■ ijb. gb-yj jj=JI j - 4 ts^d' .Silicon Tetra-Fluoride j'- i A ^ =l - LJ, 'y 

2Ca{OH\ + SiF 4 -> 2 CaF 2 +Si(OH) 4 (16-6) 

• j-v. ji t ^Uu 4JLwi o^4l 4 .«> 1 { - 6-6 
:? L& 1-6-6 

,1 1 , >?-'j-^ <J-j- ‘^-yo^y" eb Ls-bl t c-^y (3—6) da-^' _ 

,1 ,';i Aibidt .(ibu- Ais!ib Ji ^aSa c:^ , »u jShii aJc. ^^j^.a^ jVi 

,, , « ii tr jl| S SU\4 I A_jjlisll A SLlal lj ,.>as-j| c.b> (j-« vjl 0 ' '- a -lb tjjSj v^-4' ASlalall 

, , •. , - aU-,.4 l ^ Ajillall A qkLdl j . j-aull *U5 i-y^dla ^aIj o=y" S J 0-> la cs^' 

A Jlalbll b^-4-a AaiiS Jj Uya J jUSbaj .0^41 frU di=a Uib 

;(I) Ls lj)}\ AikviJl • 

• I ,4yiy 5 i Ajj»4JI 4,j . .-.I A lb ^jJ) Ac-L-adJI jiJI ftbu biUyS Alkbll *i5l3 ^4-1*3 

- 4 ... -'l l , 4.^ j aJUII c' ‘- s'-yJlj JklU l jSj'AS - u . AJUll 

(II) ^ J 4AixLall • 

; . . , 5 1 \ yc- ij** -OLazkJ Loj g \ I j^ rA^ xoj | c-lyaJ Aq^L oll cilL • 

I A jL^li j^LLLall ^ A-jljt j ^ >l &4 j .^a jjc. j ^ 

>r (. pli\i*r» Iaa-olJ jl jll (J (JoUHllj 

;(HI)A4lljill • 

jm. l\ l t^l\j 


i u i s ., 1 * 1 ^ !h x .i 1 ! 



t> j 

^ -I <i\ \ p LiJ 3 ..*' . ~h l^_ 1 ' 

w 


I 


j^A I *U1 3jL- >1 J— 3 > >jll £> Jfc (4-6) l3^ 


3.1 . >1 > jal jJI > J3i 4-1 <_S j' _>*-*' <-J^ L? J*?- 1 * "* ; ' ' ^ 'rf 4 1 “ ’ ' 

f ' ^ >1 >1 4-ajliU > • I 


/ S A\ J5L4, 5 >^ll *Ui SUL—. >1' 0i> J S^— JjS s P A 

15 Jy >u~ tjSk^id^ ^ <Jd J cJ£^' »i*j *♦*--« sja ^ C* 

JL**Ul SjL^i >11 >*>3 xio 4X^3 >i J^J .J*A' fU oA •OL J >Jl ^ * 

, > l, ,.„ > >1 43Uo >11 > -A-3H 413 l—lfui JjxJ WjJ .M*- 1 ’ > <•-* ^8 ' • 

ajU * ^21 (Ji.b ^ 1 L^uaj^V* ^ J! >* * 


tl .L’iajI < \ i a \ j)2l A__l ^a.l_B ^.L-aII Cl 1 .,-Cj ^)J jx^a..'.Ul j A_J^>x2l dlL - u lix J] C l-L - u l j 

'll l5 _A 3 jj-ajuai 11 ACilLill ^LUsJulII J ^ j AiSL ^LH ^LLaj JjjjjII *■ *U^ J cJb 

I >’iLj L 3 lal_Lc]l A /: i ^ 4-$jlji3l AlLxLftll Uii -( a j->cic.La]| AudljjAiA ^cIa J ji ^.^1 \ jlitj (j^LLa]! 
,4 y*Ajjc.La]l nA ^1 a AjLlL ^Ua£Ljj AiL^ ji2l ^-Lu^j ^gio c 5 ^qLjJi]I ^1 j-aS r l JpU3 i >Lu 

* V'b2l CIjL^j^ I cJ^ 3 L>^ 4_l3j ^jlJ ^LuILaV I I CA ^ .4jbaj^i2! A a^ L^-a (^yi Laa 

2 - 2 - 6-6 

* * t lie. ACLa^s*. 1LLia3I (Ja ilClLali Ajtaxia ^lc- ^Ic. Cj!ju ^uliLi l — 

ji^ i ^ij djLu.^Li]l j\ c-Lo djlcj ^cIa jyb ^.xti iiii a ^ a^L^ a aJLuj 

, I* t» jAl (JJLajj Cli^Ju jjI^L ( ^LiA ; i£JI jjjLiil J .^oLdll v, , iL^. ^jglc- AJL-o 

I < ^ jllc. AjuaJ j 1 sv-a]I ^^3 ^-3x3 1 ^Lait ji ^La I^Jj— a ^aJJ LS ^1\ AjjlxJl AjLa 

i'o a _a ( J L-aa .4 .iL jjj (J^n — 31 A „ . y& d_jlc_j^) jiSJI ^IiLaI jfiyS d j CI jIjlj j 

( 4 *ljj .’i -L i jiQ ^ ^\\ ^ lei l ' \ yjj; . S^£La 3I A-A^LLai' a uui^j ^y* ^>3L 5 28 -^*~da3l 

' I La! ^=lLi31 La 5J) : iaa31 4_a jlia3i A-o^i l^ik.! a. L>1.A.13 a . aja* . ^ juc. j>\ nc . VI 

,i ' 4 I jLaILlaj ^x_lLual3l C_iix-C3 i-lx-a S^plia ^Sh AlLdaliA } ^cjidl3l l i3— o ( _ 5 -3c- CIjIajj 3&1\ 

.(7-6) ^31 

;4Jl— >4! ^Xjll pU yJc ^>i (J^ljc. piU 3 - 2 - 6-6 

" iaJI ^gJal^iaiJl A_jLa^. (^ ySLSxA J L^JllLk ^La f A_.j3la.7k A—ujijJ (2 -axJ L — LIj^aII fLa 13j 

1 * <1 diCLji J dlLdoA]! diJjlS J ^1 _^--aVl ,^ya Aj^)2i4^-*-o V 1 ^JaLd A_jLa=JI 

— }1 ( B laO i J-u£ ^---^1 ^La 3 A— Ca^5t-A]| ACL— :^pjl J . -> - ^ -31 jxlS ^ijliCLuol 

i ^-i xCal^ ^a ' 4 -v iu31 oca AjLcjtJi A—jl^jc3l dilcii j . di3j)Li31^ -Liijjll d3^1xA (_^.x C— > q > \ 

.(^6) 


AjLua^pJl Aajlbs 1^2^ ■^ a ^ J L5“^ <J-^J^*-^ ' 

Aj J» *. J j<~- dAcl^i ^ 3 c> A n-> ar.il ^jlso J-^> Ad^irv_Ua W/C A-UjJ^jj^-J (_J 

^ CLil^bU aJAS AaU] b*. ^ i j^n Ji J U^J J^l * Ui ^ <^ 1 ' j 

lLa <,ibai AjU- ^kii kadlt fjbj .^aL-ail AjbijpJl A^JUJU fUl>VI c3J> 

S/| . aq , ^>\\ Ajbu^kil AajULo ^^Ic. Ala jbi V J bilaxabU 

.Akta^l A (^lc. bh^bil (jJ^A jJjJ jCf 2 jVt fl> '* 

' L y i jX2^ol\ e -\ lllj AILmj jiJl I 
dlb xj^l aLu^I jj Jk3llAjb jiJl A^jli^ 3^bj ^ 

.( 6 - 6 ) <J^ . 



£_jjL<all AjLuj^kii cb=b Cir^ ( 6 “ 6 ) 


c | ^ % 1 l±ij c£i Ail >L $ >.Vl Aiba^kit ^ ’* 1 

,%5 -3 J±Ut IxkdJi A^jli. Jbj ,%3 -2 . 3 ^ o-^ O* 

.%3 (Jb A t , 4 

el %5 AiU-il ijc. «±lj j$kjj .A-?. jUell AjU- ^jiJI AjLi_£ i>® ^ >" J 

J US ,%5 -1 jlai- Ajjjj 0-07 - 0.03 J**+i ^ ^ .<->" »'| 

i-JijJjJill (JLaJ^j (Jib O^ J .I’v - aM • ' M 


lO X (JjjJaJl 
(cm/cm) 





^jJI <sb (j-a ^oU3l Aid] I ^Ic. A^Jl*-*]S o^jl3 ^}Jj1j (5-6) (J^bi 


;4jLuijill t ^!c. £ji*<all jjjIj 4-2-6-0 

' t A^tj^ -i-jju ^ylljlljj gcjj AjLjoi^iJI Ji.1 Jj el^tjl <J j-^J Ajlj ^.jSL^ai! . *_/*•- 

.ob*Vt 

' A^jOail Ajbu^lJl i^ C ’ ^)Jjlli _ J 

■ b oJ>\_jJj| diA-SkJj Cfi-u iaLkll <>ba /jb jt *L^j <Jj 9 4 * 4 . A. || ^ iQi^i t-* i^-v |j| 

il tjj ^rsJl Cl^)-aljuul ^ A3l_.w liLuil (3^3 C5"^ ^ A >1 . »j-n. U ^3 

U^-A j-^ ‘-^i-b bjjL^ bLi ( l^£Lw< ^a~o- AoLqjc. ^«luul t-Ji j-«ii a . qA loil 
*•3 UJ*^ b^J ubj j ejJLa^i tSLij Juaj ^.J t.>,_j_^. Ail^j jpJl tiLaJ ^J>Jb A_Jb 

/ApLkAi] jjjxli AiLuj^lJl {JS & V) <-iib ly. q.ij V j .AojULoll 

^S^L^oloil AjLuj^lJl ^-io- ^la.qa^>1I .2 

• 11 diLtl ^jail Ji <^.^-<11 ^boll Ol^ ^ Ajbuj^jlJl S^l^-2h. Ajk^Ji c^,n>>4-». j| lij 

• ( -* > I j] /.jKIj djbL^-=k.] Ale. ^cljj ^ -v \ \ Cf _9 ojL)J c* i ^ ^ ^ -v 3 i i ^juj Albu^lJl (Jlk.b 

• 1 bj ) Albu dj|jil^_-%.yi liiL k — fl^juaS dil3 JbtJ W 

l^JLojlb c- J-?** Ab Alba^lJl IjLu J y ^yjj ^JtaJ i Sb^juj oAjJic. do! y*x A_jlaxJI 

» a A ^JiL-ilt AjbuJ^pkJll (J-ikb ,^A t*3 y \ J-.\I S d»Ltl jb\\ ^ji jlSlllj yW La>a ^ 

^ I j^iS ^jLjj V y ^blb bj (Jj j&j 


\ j N-v'l l p ^ A )u, ViU j-u£ A^s^sb, Jli ^iajj (v-jLuflW Iju-a) t^ljAjAaJl .lu^l 3 

vj Jl 5 Laa jU JLxjjjidi *LJb*2l ^Ljujj^. 43-I& J ajxoJa c ~ 5, ->'^ 6 ) 

sjL ^1 aJj^Jj ^jU.lli 4aU-a 3^ o .iSa ^J AiU^VW .4-k^-dl AjU^jidl ^ £ jj ‘ 

, y j -Lul _jJil a^jUia 3 -a * AJaa j_a j /lAx-aJl ojALkl >^d L5^-^ <-5-*^ ~~^J • 4 ^»- 1 

d>». CJJ^ cP! <^jM t^3M i^t j^y- ^ .c^* **- •; 

.^j‘- i* 


f . Ua £ Ailuijaii £ s - k *-3 



1 - 

N 

0 2 hLC 

o^ 1 

Fe ?°3 , Y- 

, 

> 

z t A*i 

. ++ x 7 1 



e 

4: * 4 * 


4Jbj£2l ojAlk Alb*. Ls i 0lluul\ yLa 1^u-a £^jaJ ( 7-6) (J^> 


•<.- jjujjisii ^2 Aa 1 a -vj^ j iju-aii , m 

^ y a 1 JLa J .^Lud jidi ^2 (jLa.A ^h -JAat.Al) f\£k jli ji <3*J\ 43-3 < — ^-AaI ** 

,| > . i]l *La J CiL^Xdi j\ <J >?Jl *Ull *(J1 o AjLo> jiJk 4_kpwdl Jal^jVi c> ^ 

.4Jo^]l <ij&\ J 


.*> j..y j «- . < u.n. j AJL-uj_jiJi <JidA--3 .^-^jaII $A — di £--* CiiA-JjjKll C^~ - ^ “^J - ^ 3 
• •* < »«*:•• ^ t. \ - ti *3 *.1 * U \«i . -\ll . . .\<C 


I \ .^i tlH 0 ( Jt^ * J .J ^LAadl Aida jaJLS j £Jj-kA (J-SaaJ Lg-Ujk AjLusjidl ■■‘'^^ j <J?“^ , ‘•dj J jl^ J g 
, jliLt ^ g-iha-TiIl 4^i (J^ts dj^oj ^ApjjUll o^tidi jjix 23 cdldj .^sjL*u 1I 

.(8-6 ) l£A> 3^ 1j ^ s (^^ n § Corrosion) 


vi i « 

•1 # 


•’I 


> 5 » pUx c . 4JliajjpJ\ ^ ck .« n 3 



1 



°2 

h^o cr 

°2 




,-i «jyii j-di (Jc.Uj]i ^ j( 3 jLuo]i (joUiiii < , (JftUD jl aji aa ijM H 

;a^JU 1I > 

/*V i+ fC/ +///; > F*{OH) } I //( 7 (23-6) 


uki 7*6 

:<** 1-7-6 

\ vLal-H 4jJL>aJl 43 - 3 j A-J^^LiS-a-u'V > 43-^ I ^Lujuul ^y}£?$\ 43-A 0^LujJi]i t , i\ x^a jj l ^a S^AlJa ^j] 
<jtLxA) jiJi Cljlk-Loil ^ C_jlxo^i ^sJax-o ^_a.^)Jj (Jll A_a.^jJLJ j 

^ * ’ll Cjljl Jil aal! (3-* AiLcu j . ijl*^aJ LS ^Ja\ J^i 3 ^\ Ub^-aC. j 

' * 1 . (S _>^Vi ^1 ^-aI! £i ^ji 4J-A C5“^ C ' (^JJ ) a a » ^sla! I I^JLm*=i 9 Jj} ^ 3>-J l^jUiiA ^jjaJJC-J^ AalLaeJ) 

‘ ^ ^5^1 — ! A-) ^ A 3 ^j . a. \U Ale. -As L iS^J ^"^^juu'o^Jjju-dS3 J^JsUj l I A t-^al l 3^^ 

(‘•palling of Concrete Cover) ^LLill 4jUo^Jl kal^o ^1 c^jja 

6 > SjLjJj dj!jL^2h.Vl Aj JpJ? ^ ^ 1 ^ lj..x*; l Aj^Lua^o 4j>»qA *^ y±&. Aa.^)Jli IawcJ! (Jx-saJ - 13 ^ 

. >> 3 ? \\ <Jl)^Aa. ^3^] kxxj 

i i ‘ ‘Lljj .£tk*aJl ^3-Ic- a ALjk SA-«J ^a 1 ua_ 3 j 1a_U Ail l—lL-oJl 1 A^a O j jkA j 
^ -. ]l Aij^kkj .CiVk^J! C5 i (jji*A Jli j ^ u.jL^all 1 a-^J c . i^.L-o..Jl Alii 

1 ' •< 1 j) pAk-saJl AjAsJI cJl^d Ca } Aj^la^ll jJLcui 43^ ^)AJuAdJui 9 iAJ klLla All 

4 ' • - *1 All-*-u^_aJ ^y ^A AJlaI! ^j-ita^li ua)f £lxSj ^ cS'j .AajLui AjLul^afcJ (JalLuaJ^ A. U . t - al l 
‘ 1 H s ^jlaOjuJIi iJSLjujjj a lA^aJi (Aj jAjx U-il JL a u V ^LaJl < su^ill ^jJlO AilS AaUxJ lAx-ali 

II k l ^>-«aJl A-ilxxC. 4_^juLjjji ^ajA djlAj^j^lSli ^tJLq jy ^ J^k^li 3 ^ AajAaJi^ ^I^aJlxjjVI 

'* h ^:0 • cl-^ 3 C-jljUjdi 4 > J 11 ^J,]j.iA.ll ! y-1 AlLiuAj^kJi La ^y 9 i jy\ 43SII AjL^aJl 1 Iaij 

1 'LiOJJ £“ (ijjAja, J p-UaiJi AIIjuj ^ id AbjSli S^Alk CjjAa, jl 4 kliJU CilAj^jlfUi 

.iAwali 1 Ay j ^*Ljj-oVi 43 - 2 ] Aj^k^li 3 (Jty-*-^ Laa JjLwaii jAC. (^^>^,1 

“ CLi jiAi Aj&jj\£ju* 2-7-6 

; 4 ijjfd! S^jAlJa Aaid l^i-Axii . 1 

' ’ ' < , ® 4 ikA _>=di 3 j_j 3^1 43.sU ^AlUujiJl Ajilil oiUj 4 -yjVi 

- " CiJa ^-aa ^ 3-3 ijmj a PH U ^ " -^ ^ J .9 43 - 2 ] i-2 j J 3 (j-- 0 PH <^uo_l 

y ’**1 ii.1^ 3 _a c^L-a .21 ^c-LaA 3V i j-kjj ^^ic. ^j_a. jaII (Passive layer) 

^ ^ P >~>l£ ( 3 kl-lAj Aj^j_ii 3 ^, LUa 3 j j-l-a. i.l_U ,^>-=wV ^-xia^A 3 _a i^-ljud 43 ^ 1 "^ *. v lar * ^> J 

[43k l ^a-j i Jj 3^AJJ .( 7 - 6 ) cJ^illj 

* ^ ‘ 1-l-vJi 4 3-a . 1 3. j j a J jjL^JJ A_=vi 3 CiLjjjjSJ] A_ 3 a (jiLuj j J jlVl Ale, ^-ilx^all 4jjtaj . 1 

.<^-.s -> ja 3 jj! AliA 

1 ' ^ cj- 9 3^* i j- ; ?‘,>' <x 2^ 3 i> * ia ^Ldi x_a . l a d jj ? j j 3 L £22 CiU j J. 15 UV I .2 

.(OH ) Jj^JJ -^21 3^1 4 ij^a 

♦ f . ’ 1 -V 3 ,di!)lc.Liill 3 _a aI^a ...L a ^3-3 ajjl=J) Jj_j1 ^_a (Jjjuo 51 jjAs^JI 3 ^H® Aadj .3 

i 1 i ‘ /'ll CjV jL*-a ]1 43-2 s jAUali edij Jj-aoajj 3 ^aJj .idjAsJLsdi jA j QjU^xll 

; 4 dU 2 i 

/ *• > Fe ++ + 2^~ (Anodic Reaction) ( 18 - 6 ) 

I. \ 0 2 + 2 H 2 0 -> 4 (< 9 //)' (Cathodic Reaction) ( 19 - 6 ) 

/ « ,f 4 - 2 ( 67 //)' -> ^>(o//) 2 (Ferrous Hydroxide) (20-6) 

’/ < ,,M 4- 6(r;//) ~> 2 Fe{OH )3 (Ferric Hydroxide) ( 21 - 6 ) 

2/ ^( 0 / 7)3 > Fe 203 + 3 H 20 (Ferric Oxide) t (22-6) 


t V C r 


dAiu oA djldldl Aj ^ ^ (6-6) 


A_) JpU-AXllI 

A_llu]l (JaoI jx^ JLuill ^3 3ljuJ L-H 3 


0.30 

•4jLA=k>s l$j ^t-Luaii ^x-alixj 1 

■ (_J ^ ajOJ &A& j 

.^Lalb AjjLJI LlLilaJI (jj Aj^oJI AjiUI _>oaL«JI tAA- -> 

LS Jc. 0? JAOO v os-4' »Lla]l ojioal A-ajb SioaJ J‘4 jxll -l_J 

,^ib i— tlL. Alb. oji j) SjLa 

. jUxaV' j Aa> 1=> jll Aa ijaa. AS j>-4' <aW 4' t-iioSn -2 

1 

0.20 

•2 ^JJC. lg_> LS ^i\ ^L-aUsti 

* l « ^a\ 31 

4Jj \x-*A\ J-1C- J ^ jL£1\ ls* oL^IaII ^vaw -i 

v> 

.^Jai j**W Sjjla-a3^ CjUlla -t-J 

LajUj) (jLS-aj ,^-JjlajIl l^aJsk^l 4uJa^>x^l j > ^at ail -£ 

Cjla^l^>=Jl jl A^*. jlirdt (J^a lA 0° 

2 

0.15 

;$jljJa J-al jstl ^Ja C5^' 

* 3>ojJaJ ^kaLtfil dJlA^j 

<Jl& 4-ijJbj Ajjuul AjJa^st-a]! ^-alixJl -i 

.Aj^ia^Ilj ^.Urtlll {>o CjV^=w J! AjJa^*.^! -»-J 

.oUa]! diUlj^. 

^jjLj dslj A_JjUuS J-A j dll jL& J S A^a^ail djLi-iAil -O 

. AJJui ^>40 

3 

0.10 

S^u£>o dj! j4jLj djlj (J_^l A_da L^J AdJl ^ia_^I UaJ 

;t . ijU-a <■ - UmU 6 

* ^ j ^ 1* i 1 gfll '» dAA 1 

Iao--3 4-Ua . 1 j jLda ^ JJjLj djl j (J-a^ jxi Ajda^x^l ^-aUxli -i 

djLijUuS C5 _lc- L £ j_i=d L5 dli djl jl_*J' J S^ioV^ diij 0 --3 U-llx-aJl 

.Uk JAC. j 

AJa j9Lx}\ djldUl j ^ J djUI>Jl -M 

jUa^V^J Aj jia^>ll Ada 'auv aJj 3*-® Ad^3l *2 

4 


’^cjl^dilt ^uix-a l«lx-ai ^ojliLo 

all Ajb. iju-o-il ».!-£». 4-ajl3-» oS-* 5 - 3 -° J^> l3f"“ 3 - < *^" aJ ^?‘ 3 ' ^J^J^- 3 ' ^ r -' '■ 


JLc l*j JaLojV 44U. or* O^ 5 J -AP 1 * 3 ' ^JJ 3 * 31 c* * 

Aoli ,Ai^ 4 jj 3 ji OiliU ji jaJI »U or* 5j j»oll S^LoJI iJxA CA , 

;A_JU]| (J^>iJ> t> <>“4 J* ^.W^W i=L^jV> <4 Uj os* c^A-Jll sA-=> a '* 3 UP**- 1 ' • 

■ <Ac>\ Ju-aJ ^LojAV' I 

Aj_^ill tiib AjUa >Jt .W^-? 3 ^ *-&->. J^ 33 -k 1 -^' or 3 ^ ^ l5 -=“4l O 0 -^-* 3 ' 

aJ JS-5JI »i* j .(10-6) o* d 4 -' Ul1 

} \ Iajx JjIS (j i-l<-=JI Jaa^ (jJJ , 1 3 <_5j'- J -H j' t>* AjLa>iJI AjjiS <_ul . 

^ ^Li jjUi, A_pUj (JISj o#- 3 - 3 * ) Cj1ojjS?I or 3 ) a3 -4' “A-" 3 o>“-' L M- aJ ' ls^ ‘ > ’'M 3 I*** -3 * 

■ i j'lA JijLo ji. f (jl A^le. ,^JL« ^jaJt Jib i# 3 ) L - J '- 1 iJ> 3 ^ 3 ' 3 ^ OjVJ^ 33 


4 

.'tJ 

*'# 


Hc l "-+ Cr + H* (24-6) 

‘.^ Iau AjSISII Jj^ jic. ^IjS £_* jjSJ AjI^JI Jcliall lj Aj 

,M • UL ^ a3 ' oULixJI OJt£ VI j .ii^Jt u«c (j_ L^ it j l.^Q'' i ^ i o,» 

^ r<3 ^j j SJ^j Sjlia L5r a l g -v t ^ 
- 4-^L a . aJI AjUaJ ^iiJlj £-j^ySi J J^, J AjTkjl 1 iju-sall _ _^. 
, > Jj jlUI o^LLio ojLa .a.^',,,.^) AajL^^iJI CjUliJ! Aic. jjk 1_«^ 

" J U3T- ■ " ^ Vl j 03 >_>A^-i o>« ojoftj \_£J A_u_>^ ^JC AiaA r j> 4 i 

' -I j\ ,5-iAjS]) Ua 2AA^.i *1^ iAx^JI J4 *a u* ,4JU,>JI Jib 
■ 4i <a#m t- ao c ^_i! e ^i ^ 6 i ^ ^ ;^ ( 

"“' 5 31 <i c^—lt JU3I .cllx 

• O* ^* ^ djLJiLoil 

' 1 y <•*>-**• C^4' SA 3 -^ os-* *>=-_?4l AWV 1 (-H=A^a s-»>.i £ >41 ciLo^ ( ^5l] J 

" ^ c^ 11 t ^ L ^‘ c* 3 *W^V' (9-6) J Sui j .i^i ofej ^>4i 



c> 3il ^ a!_jx 4! jbsl) 5ii or^ ^y 3 ^ 531 ,^3 jl^yi Jj2lj (9-6) J< - 

11 . , 1 ^>4Jt Lisboa A-ilK,Jl oo U l oll o^Aj^ail Ijtj 

•>l uM , s4^aj| oU=L otf*^2j U^V jSiLo A_ajilj| ^ ^Vl olibivij 

a d^)ALla]l JU2k ^JUUJjla) 




<iLLa*JS JoJSI (7-6) 


)1juj ^SaiS g.1 JatxjS 

JujaII £tJssjuj i^yajpUi ^juaS 

ujOa^lalS^ Jajl^v.11 

^.A45ULrfCl4ftIl 

IjiC. ^osalaxJS ^JixL-aJ ^ Iri 

CljLlssI/LilS ^ Jajl^sJl 
<!LxwaoJl 

F cu * *>25 

F cu **<25 

F cu * *>25 

F cu * *<25 

20 

20 

20 

25 

AUA-« -V*U ^cJ=U^li (<jy ajS ^J-e£iLl»J 

20 

25 

25 

30 

AajaJI ^rln* J ^gJllS ^A-alaaiJ 1 

Aa^ss^* 

25 

30 

30 

35 

2 . JjuaII ^c-LujjI ^waLixl 1 

S ^)la-ks 

35 

40 

40 

45 

Juuall ^eJajoji j^lSl ^*-4£»Li»l 

SjLjaj buS^ijLj i — iSi (^q S jy*~ 

LjJjuall C . )) »i*t 


'^uLoulS # 5 

^yjg>fS> I jj I JU LiwssJI A_/j ^ULol <p ! ji'VI diLiL^-is ^-^Loull u,-iLwsa ^vjj 

Ij^-biSk (JJ&4 i> _ s H u ^S j^jVW 0jlu.ull L-jlwa (jlAJ J £p-bjJ (1 1-6) cl^’J - c^L^llj Lgr bdl 
j-fiJl pLu^S/S-J <jj^3 La Si] (j-jx-o p__j-a: ujj-laJS ^ j!>Qi ^,qJ>1I ^uJ^jj ? AjSjuI! jiLulS o-liai 

l^ya jJt-AJ t5 -iSS ^laLLcull /^jp-3 ^-i-aS ^JuVS ^IAsuLujI ^jl fJiA^sS^\ «— jIjjS^ 

L^,l c jVl ^A^wlLui_Jjj .^jUxlb ^yJ.M.KPU (3jJau2./0 **•- bl-A^Jl j (.3-^^ C_jl^ ^-lJ 




L I J 



<^i-=Jt i^> <_U- ^ PH Jj3b (10-6) JS4, 

u j. ^ ILo CjIa^J p aI^LujI 2 

■ •“! ^ Ww Ol^jjKlI 4-^J^;UbU| ^U, ^J1 5JU 

••'I 4JU>1! o^o*3 ^ csi Ui .(Jj^lc. Cu^J j! tUUI ^ 

' " 1 ’ J J--^ 3 ' *L-» <-p^ ^^C jUj^jSIIj OIajjjISJ! ^ 4 ^-'1. .1 

*‘ ’*! ^ <j' ^ vTiW*,! ji £uij| Cuio^Vl r l ^' -l .- r c^Uji ai ,...1 1 

■ .“•/ a „.aii cuaij UKj ,%8 :5 Ui» CJ \jz ^ f j^UUl caL - J i ^ 

1^41 •'UjlL. a~oJ> C 3 A V-j ^1 j US 4jj ^UjV) CJjS i ^ n.v.1. ,4»\ * 
^AUjIS V* 3 cJai l« CjUU^Ij *Uj JLljj jaj .|.lii UI | 3 
* "’ ' ,iU ^ l5JI ‘■^'■^aj 3531 V 3 ^a>> V Uo <juji ails ^ f is^Ji j....*. j < V j 
Q .owyi ajj ;<> %0. 1 ^ fcu >Jb *ui 

0 jliU l L _lL*al jjjLui a^ 33 eUaill Sjljj .4 

• '<) a-r. ^U^pJI S.LJUI J2, <^j , rj y i 

/(» c* ^tkiJl «*U- J5 jVji tC 5a^l oIjmJJ AiU ^pJlj 3 J>a iUt 4oU>ll 

, .<— Jill] AjLiud^jJxl] 

■ ■ Ml W^Si (^Lj tjj&j, iC jLUI uL, >JI cLLsJI jIj US_, 

, 3 v b) a_l, ji jululi 4-kcU) cjtjujjlsil 

' >MI oUi_Ul lSj-MI 4_j.M) o^ljj .Sjlul 4JU^i. j-a c- ji,^ „ r i U. H 
' ,Ul ^ « l33 =^ 3 ' W4U! (7.6 J j4) JU1I JjjUI .1 ^-i- i 


(%) Xbj (%) ^ 




^^a 4JUujaJJ ^ jliJI gistuJl 4. aJ U ^ > (Jjh 8-6 

’ * 5 4JU->Jlj f Oa . u^j ,.w£>JI jjx, ^ jjJI JAa <ul a ...V I JJU^Jb (jUaJI . 1 

a C jLuuLu) V t ^Iaa] LJlo i.j 

• ^ U J^J jW^J C5~^ c £ ^ oLmiVI cyu^su U U ^.2 

4 f> S-iui* ^ j .<j AajU* ^ pJl 1 ** 0 ^ ,djULx^yi 

^4Jaa3s*^Jl c. 1 j^-Vt-s ji 4iLuj ^kltj 

.PVC-ll C>c^ L3-J.3 

^Ax^J^dl c jj>ajlu]U ( X-U^ua (jL&Jl (3^ ^-Uaij) CjLo jjuijVi <j-o ( 3 x - £J ^.4 

l^L^aal ^L \ ^- ux lj (j^-u ^gi a^UaII Cjbil^yi C5 Ic. *^Ji^>x3]l ^Aj^-all 

: (Alkali Aggregate Reaction) J*1i2M 9-6 

1 ’ " £r* ^ Ja-Ajj £~* AJL^^ki! ^»l£ J (J^Uia Vi (JxAajLajj <j_^ AJl ^-^JAull 

! '• Ia] ' jiarv l j Leu* ^aL-oIa 3-jLui ^kJl j AA-oJ CLjA^xJ V ^Luu^pJ] 4^1 ^ ^\1 

.4-l l lc, CjtAAxull 

' ! .' , (J-lo flLxJl J^LLlc <_£ jL&ll <>^0 Jlo L pax J *L£j| AxJ 

i » *4 J^J^I Ji-wjJ }L >cJ^Jl SUS ^iiaLaj ^A-^ AlaJ Ajg-AJl (jiij AaJjiil ^tlo jj \£^j|^jj 
' lA, >^ f*^.J ftjAUa &A-& (j-a (j ^a ,. a r „J ^L^aLtJl £,_,^jf j CjUwIaII iilljj 

.A a ] j , %.^ U (jJjJSlI <Jc.lal3l £4 Jjj La Ci ji ( j^aaJj tjft jjuij vixudVI CjLjjIS 

: (Alkali Silica Reaction) J&lil]| 1 - 9-6 

' ‘ “ ^ 1 940 cs“^j 1 920 O* * jliM ^ oIjV ^11 ^ lLja^ 

,#ml ^ -CJ^ 1 c> cl** d>Ula3 jj^j jLSSjl 4^13 A-pUu^kJI ^giU-oJi t >» 

1 J ,lfc 4-* (Reactive Silica) l£JL^ ^2c, ^ j J^li U cd] j J ^UkJ! 

ai ^*4^-11 J . (K 2 O) A±^S\ J (Na 2 0) Aijua^i (J-A 3-2oU 1! dila.^ V 1 

^ > Shales (Chert) t^j- A> , ] | ^>-^21 ^-1 ^ji u.ia q 

l^gij dlAaJ (Jc-lilll IaAj 4 <jLaj4i 

I » Na{K)OH -> A^a(^)-^-0// (25-6) 

(25-6) ^ ^.i ul k. 4 — | —(_J^ 4 . — (^»^j) + ^ I AJjuo^j^jAjA 

' ’ ’ L> lU^ J c5 jlSlt J 2 JI J 

! #l * ’ ll ) 40^ J) <j ±$ j ja ^aII Axdll tlj ja^. J) c^a^jj | ^ : w 

1 11 . . 1 ^AA C_J)L^| aJU j .1%LJ| &AA ^Li jj-aSj UK AJjJj } <k^| t%Lu3l 

^ (1'Iy Ash) _ptJa]l aLo ^> 11 (JJLa SaL-o ^lA siwl . x olj AJj^^.au J I^jL^Xo 

i fl ) >tul ^ J-c-tial) CjLjj.Ia]! l^jt-o Jolilil ( x^ a Jj (j _a j | l£jLoll 

" ‘ 1 ' 1 1 1 V (J-c.tali]| L3 ^x^} c j_£jj CT . n x>..triVl OLj^H ^LS^ll g- 1 ^_jj ^jAa-x j A-=wjjj 

! hi nr; Silica Mineral j! Porous Silica ^ ^ ^>1^ Iaaj Aggregate Reaction 
0 ^°^* u£? S' 1 " * j Volcanic Glass j JWjVl Jla 


(X-Ray Diffraction Analysis) a*-»sVW (ASjJI cl ^- 1 & ^ 

.(ASTMC295) 

Scanning Electron ) ^ L r > j^ — uijSjJU jaj 1 — . j 

jil ^31 4 _ljS jjj 4 _uj^ 3 ^. jJjjaJI ^ d ls^ 5 (Microscopy 

>l £ jliB Je-Uall 

3jbikl 3 j>->) • 

.(8-6) S JJ^ 3jbl^t 


^^usjjLuJi ^c; j&Ji (Jrtlilll^ 3° t—LuiSl] Aj^IL xaII Cbl (8-6) 


LS ? ^^7™ 

pi ^V' 


323^ 


bj 2 ^ j jb IkVl 

0.2 ‘ 0.1 3^. 3 ^311 3 l£ 

jiij bj jjj °/q 

% 0.2 ^ ^31! 

^ lit jt 

% 0.10 

JAaJ 

3!^ 

^ 14 

2 JLqJ -1 

3 ? * Aj^oll 

ASTM C 1260 

^Xa3\ -il j lit ^»V£^)]I ^labLu: 

% 0.04 

eg ^.IxluU 

%0.04 

japjII i_>4i! 
JiU 

Jc. jc.uiii-2 

ASTM C 1293-01 


“ JaJUt )JA (jj^ 3 2-1-*) 

% 0.6 Jj3jj V e>o 4*3^1* ^Ic, ^ 3-3 • 

.Na 2 C) AJjua^l A»uA ^ 3^"* <> ~ " ^^ 

JUjo^I 0.66 Jp = 3i^3l 

(J jVft-i CjS _i 4_IUi Sj13I <32l (jjS3 3 ! ^-2° A-jjV jjjj SjL-oj CjJu 3^M 3-* c- J^ 8 * 0^3) • 

«bbx.u^).~v.\l 3^b>a£u % )/ A-llsua jl^3ll 3^ 3^ (JuJa-Lall 3~‘ a J? . c£jhb^ 3- c 'lLll 

.Cement Aggregate Reaction t>bj ^jb3] 

lIjUIa Jl ji 433 ^l^kjjuoU AjLwj^iJl J 3 ° l3:-J^ 3 ^ ^->3 _>3} A-LcuJ • 

^Lall OJiLo ^AC- 

: (Alkali Carbonate Reaction) cSJ^^ tjeliill 2-‘> 

i " A J ^\°i ^jj_j >S\ a 3 ^ ASl l b A j) (^c-bjull l-Ufe 3-^ ^ 1 .!\.'& j} a.A.,^1. ,i 3 1 t — sl—jV jil (jtp^ 3^- 

l>«3j .(Dolomitic Lime Stone) <J***dj^ 

*^Jj l <a£ 3^- b Jill bA jpi f ' 

( ( aC0 3 + MgCO i )+ 2 NaOH -> CaC0 3 + Mg{OH) 2 + Na 2 CO, 

(26-6) 

Then 

Na 2 COi + Ca(OH\ -> 2 NaOH + CaC0 3 (27-6 ) 

5 A La£i j . <■ *?, ri CljJuuaJl^ d - U ^^j^AJl 3 J) \ - j ,l 5 ~^SM ^CjLx- 31 ^c-A-ca^o ^A b. . 

« C_'ic. y rl \j J ^ ^Uju,JI£J| J jJuA £— o A rvl j CLlb y} ^ 3^ ■‘Cpbil AJjLx_a1I l>° ^ ^ 

3-*->j bu» oA_)A^ «Jl)Ljjla ^l!lJ 3- c 'bl]l 3V • ' U ) •> 1 * 

. Vi j ) jf djLua^3! ^y3 b.v\c. j % ^aLLII oaa j 54. 3 j j^4 


*^U4aL 31 Jpli3l Lr s& uLiill) 1-1-9-6 

>1 5—31 <«j£j^aVi clAi^3 ^31 A_lfA 3 (^5-31 <_ ilbll djI^jL.-utxVi ^Lirv .1 3 ^ ^ j 

^ *(2007-203 j ^ j&) ^jUaj ^>= 2 ] 45 ^-ca3^ (ASTM) 

‘ 4 1 1 \ ^l l < 4 q !<* 1 1 2 L 2 k_lj_ul 9 

Lu b x > j ^ L5 a j , (ASTM C 289) -LL31] <3jli ^^3 j 

* > 80 *^ c> ^>3^31 ^IS j^\ A-j 3 ^ NaOH 3 ijLa <jji5 ^oba ^ajj Ajtj^yui 

i J.-H Liybil c^3l (13—6) 3^-b ^tjL aJ-jyj bj } A_jjl3l 1£3 jujJI <-1xiS • Ju.lrvJ ^OJj ? 4 a ^Xa 

.Lajijujl f \£> Jalboj t _ s -b' 3 ^-°Jj (juaiibi ^5 <jj|ji]i ILiLuJl 



b>l*]l ^UJI^ MM 150 JJ MM3 00 (>^j 6>3 ^bll L^JUl 3 ^ aj^uJI (13-6) 3^i 

^ 1 dA3]l • 


auu >u r j' ^ a- b* ^ V“- ^ri *7? T ! 

U ..,^' J) 4ju, >21 ajus cuij uk ui >>}i >9 .<* /f ^ 3,6 ^ 1 ' 4 ' \ 

iuuUjUlU <5U >11 aU A*fiB sW- !iA J -Me- <jjS2 > A* ' 

.juu/ou^u u>b > J^lUj oj£u ^- r °' ^’V’ 1 

•y. U , \x» >U3( sU-=xUli AiU >11 > U^>11 *uli u ilJ odj o> ' 

uljii^L > u* .mM> J. **“»> MJ «->» •?* %8-00 -5..*. 
(10-6) .v** ^ %5.0 ‘2.5 Jt .U» >* 


Ajj 1^>=J1 A>-a >1 ui!“Uj OjAjJ 3 (>* '•fr 3 - 

. uuiij ojji* uuii ;uu >u ^i-=_^' (10-6) Jju 


i AAL*aa>.k 3 


■/<** 


> / J J9- 


Ajdjk. 
AjaIc- 
(j jjil 

AAdi__jifc 
** Ajulist. 

Ajdj^pb. 
* AQJ-Lk 

AjLwJ^k. 
dll A 

Ajdijd 

AjaIc. 

AiLuj^k. 
** A_suiuk 


0.145 

0.100 

0.123 

„ 

0.13 


0.187 

0.13 

0.161 

- 

0.173 


0.26 

0.173 

0.223 


0.230 


0.332 

0.23 

0.273 

- 

0.303 


0.433 

0.289 

0.36 

- 

0.376 


0.519 

0.360 

0.433 

- 

0.462 


0.635 

0.433 

0.533 

- 

0.562 

0.808 


_ 

— 

- 

0.678 

0.952 



— 

0.706 

0.794 

1.194 



— 

0.838 

0.952 

1.488 

_ 


— 

1.056 

- 

1.904 

— . 


— 

1.315 

- 

2.561 



— 

— 

1.696 

- 

— 

- 

- 

- 

2.267 

— 


^dl AiU^pu A^L-aj-ol^ 

j o & . 2 # . ? .. 


f / f* 


/ Jjtf* 




0.087 

0.116 

0.159 

0.203 

0.26 

0.315 

0.389 

0.462 

0.549 

0.649 


4iU^>a. 
ull 
A J* 


0.109 

0.145 

0.203 

0.26 

0.315 

0.389 

0.476 


ijlrv y 


UJJ 

AjUjaA 


v^- 


320 

480 

640 

800 

960 

1120 

1280 

1440 

1600 

1760 

1920 

2080 

2240 

2400 


.JjJLkui U^ 3 


t fl<a-«v ^ i .\. \: . 


:(Thermal Diffusivity) (5) **j»j*J» 4jjUu 2VI 2 Itwi 

;>U >11 Ai&ll <JuU > AjJ jp31 <s^ <Jlo “ ^ jL ;' 


» j\ C 3 Y 3 k u 3 ,5 - c y ^-5jU>1' u 


O' 0 


( 0 ) 

fti 


. A JH |l 


■ «. ,.n >u/ 2 ^ 0.006 J 0.002 OH ^K->il AJ—jUll W 3 ' Cj'JH 

JUL- >2 Jil c^-Uj •W> 3 ' **-,>! u >■««» X,j3j ^>4*1 

JH 


j^I 


.^-^0^1 <Jm» * o j j*l 11 a jIajlLujI c-j.jvj.9 Cjl^lfLiLyi 

.aJLsJI djA d iLxjuj V^ CjU^la jj Aaj^J j! ^*11 JUwcIujI (j5L<u 


^Ac. L_idS]| * 

4 Uu_jj C ln*,rt,J l£ Jl A-LuoJ ^jLj U l j.Uii l^a£, jjli] I J ^Aadud-j 

^ if^ L>^ L5-^^ A-ijbVi UJ jbsJ (J_a& ^lj .V (ai AiuL Ask. jj (JAj ^ dll^a jAli 

.(9-6) Jja^j U£ ,2007-203 ^ j ^ >31 a^ 


tjHb ^^1 a!I (Jc-liujl Aj^ Ur>^ Jl di!jbl=k.V! (9-6) cJj-^ 


*ij* V 1 

^>1 Ak.UjJ^ll A-ix^dtfail (__^A-a 

(Jalsdll 

jU .71 ^ 

Ia) 2 jLlikVI iS 

(j-<» A A dill (jlS 

% 0.1 

AAxuJl (Ji IaI ^kd^jJI ^AkJLujJ 

%0.10 <jo 

AjAxA ^il 
AAdJI 
^le. (JVd. 

^^1111 (JoliH]l_ J 

>k.A^rall £ya Ajl 

ASTMC 586-81 

Al^j IaI ^ad^ll >-» i .» 9 
% 0.04 >C jj-ai 

AAdll (Ji IaI ^AdioU 

CF- 

jj&^> 3 Ajc. %0.015 

6 Aic. %0.025 

< 1 ^ j^c, ajc. %0.030 

AjAxJ 

(JVd A Adit 

> 

t_p>all (Jc-UjII _2 

ASTMC 11 OS- 
95 


\ ^LiLl*a fjlj dsl£ jdJl j! aJ ja 3I c-Aao AJi ua]^ci]| lSJ^J 

i ] Al_rx A^L-oaJ! AAaJ a11 AJLu> (JS ^ 

^ jL.iik.Vi ^ j A-ikLoi-ali oA-A A_a1 vk a ^jSLol djLiiC. ** ' cf*..! A V A \ 

1 i ^ j tjJjULil] dil jUlkVi .^iAkduoVi A-V^l AijUuli A-LuJI ^ 2uj!>UI 

j > i ~v .^ (Jj_c. a — A iii ^ .. iVaj A_ij a aJ J) ik.Ai.^1 J 

,i «. diLuxJl Lg i^ CjUuI ja]| diisjij ^Lod]! J^LuJl ^3 AJ!>bJI J a£ jij 

. 4 .O ^g -3 ^L£^!l lAA ^l Akdm l _>iC. ^JaLkSoll lAA <j-o IaA 

* " l ^AjlJ ^tA-aiu 0jLlj A^S La^ ^L^^>]| lAA ^ uuA-wj 

. -J^yj djL-uLuVi cl^-° Au^Ia^jl] dll d. Lai i ^jdk^a 

.•(Thermal Properties of Concrete) jLU A^J j^JI 10-6 

« 1 *U uI J S j.iM 1 0-0 J jAux^a AA-& A^iaAi dll A p^u AjL^^kll A_ajI^J| ^IjdJl jj 

• 4 Usf-*- 4 £ >j L^ua <.. i\L»n ^pll diUaXill ji AA-dll J^al j3 U-lLu^x AUO j! A jlKH AjL^^kJj 

.Ajjl^pJl (_>^I^JI cjAxsu ^ U ^3 JjUILujj >l £ jl j^xll Jj*Jl 

.’(Thermal conductivity) 4 aL^>a1I 1-10-6 

' * »* V >** J-b (J-^l ^-^Li (J~^j (J^j^JLj (_>Li)j ? S dAl—ail A_iLU (jaj al (JS-&J 

. M w Ai^ia A_>jA 1 SjIjjxII Ajx jA ^ LoAi^ jdxl] ^jLaj^kJl ^Jalall Axluui 


diLl^* ^jJe, 14J*J kjL^yA\ | . ( J/m 2 sec “(7m) ^-AxjJI liLv >> , ^ jdo ] 

JLl^ll jjJI ^JU ^1 ^ jAj ^^uiJI 3 ^a£j (j-« SaL-^IcJI 

' .IaLaIUII *LiL-w jiJl #LJI jIJ LaII j^j3 ^ 4J ^ 


A i u i4 j A_> jL j J jJls. A-*o9 <_£ 3 _>=^ -i-lxull 3*1-*- 4 (3 L ^ 1 ^' ^ J 

A ]Lv ^ ft * j j;< ojLjJ) _lJ^)J ^^l^)_2*2l A,1 aa 1 I 3 x ^-*-'° 3 ^-Ic. JjSlUl 1 ! l>°.J ■ /o83 4 50 L ,,f 
^111 ^ ^pJI Sj^Jai*. C -^ Jd ilA J .(15-6) t> ^ £-^J ,3o^ c3» >• 

^)AaJ C!L1JA^ ^gi) (_>' » |i 



AjLuj^kij JJLqjII 3®^*-° A*4U ^>^1 d 3 Aa.^)J (15-6) 3^-*-° 


AjL-u ^ aJl ] I it 

A^L-a-«il $^)l^) 3 aJl A_a.jJi gj&jll j >c J^J^a 21 (j\-l sj)l\ ( jsy * } A^Uaj^aJl CllLc a Lall L-K 5 J* n 

Aj » )l j -± \ t A_ 3 k.^)-i ^Jlj^Jsa filial Ijj A-ilLc. d 3w^ afc i — 3 *■''“* 'J) cJfM '^1 

t ^CjLa34ll C-uL-a j A-iljuiJuu V ^ 3 ^ L>° 3^ 3 °" 4 3 A 4 -* ^ 

5 <^ 3 } <3 ciiaa . f s ^» < 3 ° 3o =^ 3 ^ 3 M j 

( > M %50 ojia o-oSj aj^U jj 600 <430 SjLp* ** ,3^) ^ *-V u I 

(i » j*i ji\l ^g-io ^jLaJI U,lL^a J ALUju AkL^i U-iL-«i £• ^laiJl U+\ 

y.k -r <\ . ■' ”\W i \\ .t.*n (J (_jJ-3 i 4VY , l ^ . cJ 5 > >. u .. il l &JJL& ft^Lj j < ^\ A-^l . . .. ( 

■ft.iUj j j £jj=*1\ (3 -^ AjLuj 3^ S^li£» £-i j s-^wsJ <$*4-ujk\ \)\ 

_ ^aAjI ^g_l'L-o^)i»-II pUaiJl » U^P 

<L5 jlx*j^)iJi j^=slxl\ ^-1° <J j' L51 0 *•' . V H ) 

A-4^1a^ ^Jc» I- 1 J 

A. . yux> JjSj ^g-all 3 A-*jHa ^3^,1 

.VMj J <jj^ \ ^. . lajJa j A..;. ' 4*1 

t a li. ft \ g-'^-Qj ^jjojjLLq SJlo (S^XjL ^ A-3jHall olA ^g-lcu r <^ l A-UjUj 

# ftjl jjJ! Jliijl A>ajlLoj AjLui^ai] 4 -^' 3' ^ 3 ‘ < '^ : > J^-=»3' (J\^J*j\ . 1 ■ * : 

A-« jl‘i* , # li S jl Aa. jJ >P^J - 1 

L\ A** U -4 (3^3 JaLkjJaJil A—4 ^ULa iJ ^C- ft ^ > / J * * ^ * i -l! ( 1 6-6) 3^*-‘ l 


(mm C) 10 x 


:(Specific Heat)(C) SjO^Jt 3-10-6 

II /() 4 840 Cj£—? ^g_a £- jl^JSj ^AjL-juj^aJJ A—j^l^aJI Ajum . II (JJLaj 

i i »,• I ftAL-aJLail AiLi-u^aJil ^g-i ^L-aJl (_$ j-la^a ftJiLjJ^ A_iJ)J Ls ^\ j . ^o/^,.r>^/3 ,>-> 

-fl£j» 


:(Coefficlent of Thermal Expansion) J* 1 " 4-10-6 

( <lf ( L^J^La ^--3 Sobj ^I.Wj 4jb Ijj SjLa ^Ji-Q 4jLm^)ikJl ^jj 

-11 A . x <tl j AjLui^iiJI JJUuSl < — k3^AO J-lAillj c^llj 

(II (>) JjAak, ^Ajuiii ^=31 Aa^^jJj AiL^o^xJl A^JIj*-a Ajlj^-L j A.la.j.rv-cil Ajjjodll Aj^Ja^A ^ J 

.Aa^Iljt-all^ (3^ Aft\jA> a JXcoll L $ J 


(6 1 1 ) I 1 "— ^ QjuJ ^ AjuoiAJ Ail_iu>^a»J JA-ojJI (3*^-*-* (1 1-6) (J.j-^ 

^c/^/^6 -10 lA 


(^-S A=vJljt>a AjLuj^a. 

AlLu» c-l 

*UI ^ 

AaJL*--a AjLaj^aw 
c> 

jjjSII f lS J\ £jj 

11.7 

12.2 

13.1 

Uj 

8.6 

10.1 

11.7 

3-^J 

6.5 

6.1 

7.4 

L$.J& 

8.8 

9.2 

10.6 

JLJJla. ct uA 

7.7 

8.6 

9.5 

C.njl^a. 


■ 1 '** <L £^)l^)_2k. jlAj L^i (3^A ^^aaJl ^)A-aJI AjLuj^k. ^j\ JjjLuiI! 3 J 

Ijj) .plj^^j-ll ^j-k A^JiLat^ailj AjjUxJLl JAxull 3^ P-L31 AjLua^^Jl A^iljt-«a 

5 I -* kail i " , , u ^.jujV I A‘n>& J ^gJ] Aj^j 3I b._L%.j AjI LaS _ J Juij ^glc- 1 l^J Jalj)ll AjLuj^i^ ^jl 

i I | (>) p-k j J JL 3S .AiL-^jiJJ J-L-aJ 3-^1*^° 1.90 c33 — ^ 3-^U^ oil 





) >4 *** 6 Ai^nJ jl ^>* 1 ! cr ^- A ^ iahiII Aj ^ ( 1 4 - 6 ) 3 ^* 





AiLjjsJl ^.Ic. .li^jfill (J-l*-* Jjjtj (17-6) (J^> 


^Ui *UL!>U1 Cjj&i V ,lAlo]i *ULI ^ £l >^yi ef 3 J* cJ^l ^ 5 

( ) IsL) j^J JJ ^A\l ^-jui-SI ^l-la-JUuil (j! A-jLjVJ V I Cj-Ujl^ t -i U,»il I 1 «* 

jl j~ J jji]| j Jssl2w22j ^lliw -1=2 j3 L-J->J £.liWVI AjIaC- . I— •ball A* jl3u> <j*«AA II 

J yl j-iio 4-j j— J . jLi^il tllAjkJ V Aj^ UJ^ j' -^1 j L “ J *> 

S^jl^aJl Aa.^.1 AiLni i 


;AjLuj^aJI (jjl ^ 1 c. 3 ji^aJI 4- jj jjplj 

(j jJ u>^ A-J^A 0 A_=^ Jj 600 C5^J A-J^ 1 A-3 ^ j-> 300 c1h» Ail— J»=2l U* 1 1 

J^ll! J^ij fO ,Ajj^ A-> 900 cp^j 600 c> (JJ^ Jj=^ jl 1> ‘ 

A^.jJ doi J) 111 jk-x^Ti V ) (j^lll c _ s _i) (jjill <Jj, ^k . lj , Aj J)— A-2fc. 1200 C5“*' 3w ^T' 0 *^ 0 ^ I 

^j^lo Aa.^p 1200 Cj c ' * j\ ,‘■*1^ 

|4 i luijxll Aijj^oll yl La_-a^ JLuill A-o^jULa ^ — \ c- 0^)1 ^-^-ll Aja.^J 1 

a* ^UL> ^ >->j 3 Al l I J jij (Kasami) 4? A* 4^' ^bLa-jVl diLji .# 1 , 

y^l\ Ojl^v A_=k jJ> -lie. -Lad-kali AajUua <^9 (j djq-v2 (3 -0 C)J& AjLoj j.x\l 

^Ljua Ly 3 dj.l_ay ^JlII (jAa-liik ill (ji ^g-^LuaJ ^li ^^-31 1 <Jbt— S/l cJ-A^ CbLra-jS/l vl t l / il 


( 1 8 - 6 ) (J*— J . 2 bbJall AajUha Lff J3 CdLaJl (j-boaikllll (_j-o A- > -. U J A » 9 

All jLijLi duji J .Aiill A-ojl Laj ^.j. jm.il I SjI j-=J I Aj^w J^ J^jLj 

3 j! ^Jl A_>- jJl AJLoja ( j-a %6 0 jAa A1 J^>^l ls* '*-“ A-a. jl ^| ( )( ) • * 

%) | y t 7 jl A_ji JLaJ) J.-ix.a^-> .11 AajLlLu ^laLLall . l A- fl - U ^ ys^. jlbj .i^y ^ i ’I fc H 

.CjlLtA^I j dj| j-a£1I Cj!>IS2uj a$J>j (ji i ■y j v Cy> All gdJ wy I ^ < > 4 $ 


Abi^l: ^ i Aajlldi ^u Aju-IS A^ajlLJl 



4JU^>JI 5-jli, ^Jr, jjSb (16-6) JSaS 

'■ i ^. rvU ll ^ gcjJaJJj Ojlj^JI ^9-jJ SjLiJ ^ JjHI jjij 3^,1 jJj ^15 J3j 

’ 1 150 (js-^J 3i^>iJI jj jj.3 Sjl^pJl 3 j».jj ^ij e 

1 .' cjrA- Sjlj^aJI 3-5 -jJ SjUJ j^Lj 4_^-.uj tjLSjj o^jj ^j 

.CiLa^VI 

. » i..iAL SjUj 6 ioJ Luj 33 4_)^ 280 1 50 s 3 ^-jji o- • 

a JsbL<J=ili Ao^H-a 

‘ * ‘r» UjJS 3 A^jj 580 Ajji^ 3^jj 280 Jl >=- s A-jj, ^ • 

AajIj JasL^all Ao jlLal ^SS 

’ ''•' A.jlUi ^ S& AjA A-jj 800 J3*.. j Aj^lo A. 580 (> ( ® 

' ^ Albj L^lojlLa c>3 %85 Jaljll AiLuj ^ASJ Aj^la 800 • 

,l^!UjlXa Q* °/ 0 77 Al^i^Jl jla^VI 

,’ • 21 ^ ^SiH c> ^>^1 (jj^ 5 AiU. jAJ Aajlldl JA9 J-lx-o ^j| A«lr3 © 

' > >i ill i — A . . a. , } Vl A— j^SI L-^a lli_A J ^jj^iaJl ^_^«vU li t t » j> ^ a 

11 A * Ail— ^pJI -LA,^ A^jIS^ ^ Sjl j^Jl 4 ^ ^ jj ( 1 7 . 6 ) 

.Ailla^ -lAjxi OUji A^.J^ 20 ^ J^Joll AjLuj J iJl AajlLa 


dabd-Lall jjl da du^-dbl JjI .... lall (J-JLo 4 — aL^JI dabbdJl d-ld, (j-^.4 

.£A-a& VI 4-A^aUk ^ g- Idi-C. V 1 (J^_ 2 h. aI ^- 4 3 -^ 3 -ds-ij .31 

SJLolx^i AjI -ojua dal jl^jiiuj l^-jg-li^ daju S^)l ^pbi aJju ^ f ^L^j 

gldd ^»1 Addl . 5 

3 )b»i (J-qI*-o .dtjj ^liiaVl 3 W*,J 3 ,J JL-a .^ 3 * 3 ^ Sr ^ <Ja. 11 £-a 1 I 

^dr*Jl £>3 ^-b. e-bjj Lduxli Ajj^3-i31 ^j^sJI d-la J Ato A~ab s-ld^ . * — al^ 

t 3 xulLoll J ^-j' uJ^)d]l eLlai-l! faiLajuj ^jlddl ^JJ ^ AJb^/b 6 3 ^)-a£ t 3 >aO ) ^^du^)dll 

g. 1 ^**1 (J^J^^-bl (3® AjLat*. o JuJi ^Is»\da]l g.Uai-11 tAd^ Ajbj^aJli ✓■> a . 1 1 ^ laa.J j) 

■ ^ 1 \ d 3 Vc. 1^A C—12kJj| . jl^_2h.^Tl Abbu 3 A^3lua3l AjLuJ'J ^w II 
-U ) 1 d&C. A-a^IaaI ^^g-jjaVl ^^Ljuo^dll g.Lla3l t -*d .iA (Jaj V *1 (jgA-'ld^ 

.^dluw ^ cjluU £cJjuj jlai 3& Vj ,2007-203 J Aidi^dll L g^sml\ ^J^il ^ 

^LkxJl A.U Aia ^40 tj-C- djLalSil £ jld *Ua3l liLuoj ^13 1 ^} -S-* 

A .flaloj A«jd^3l (Jda ? 3b*a£jVl CA jJlzx ^d\ daULsLuswl dwi ^»3^) .J 

JLxj ^ab-saVl ^olubll 3 ° ^Lld ^l.lddul j\ g.llaiil i J Ux ti (.Jjlaj £la 3 ° 

.Ajd^jdll <->j 3° (*-*20 

ol~lax£ 3a\ -31 A-Jhla c?.d-*ja ddjj <j-° ^ Ajl—»-o 3*“^ -Uc. -£T 

i^UH jd ill 3 ° ,C 5 *^° c-y^dal 

.31 A JajJa v^Iajuh AdJ^J ^^jjiAaJl 3 AjjjuiajoV 1 Aj^-ail 3 -0 A^L^ . 1 

_ ^L*_a]S ^j >>1 j^ll Ai.3a 0.6 Ia^Lula 

Aijia cSLftjjj (JaI£ , ^.nl 333 ^^ U.j.^ *■ ajA*v 33 ^*^ 3 £3 ^^^ aJIa. ^3 .2 

.^25 cjS"^ AjjjJa 3 ° »a ^1 v^LajuJll 


% <JfLidl! <LojS if 



Ajl^^kJI jjU- j JLill 4-Qjll^ J -LJ.,^31 5^1 jlia ^lc S jl jaJI Jjjb (18-6) J< " 

:<JJ^>SiJa lALaJl 4^»jLLa Qiuiaj 2-11-6 

• i.'-*-*j ji o-^ Li-i^i 3_-« jiia ,jj^ji (_>,.> ^ t^S-oj 

u^L I a ^liauCi ^IjdjLujI ^t-c A^lj]! <-- ilj. ->-» 3 11 

# *ll 3 ° C5 i |S ' 3 VI 3 , t ^doU ^ 33^1 ^^jl^sJI 3^*31 3jl*°i. 1 

3^ ®. ^3 A_ia£ ^cjjj 3^1 jl l 3 ^ 3 ^ aJjIIII 
“* ‘ 4jL -=sV f S3A_=^A ^LL.1^ 3 L 3_J_pJl J^x.^) ^JL^a 1 Jac 2 

* ■ ' 1 ^ cjl- c^d.^ (19-6) 3Sd J .LSdJl 3 SL 0 I 3 b ^ (iAj^l] 


.<^3^31 



